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ABSTRACT 

Experiments conducted in an average of 12 orchards each 
year during 1930 to 1933, inclusive, have shown that the apple 
maggot may be controlled by the use of certain stomach insect- 
icides. Lead arsenate is considered the standard apple maggot 
insecticide. Calcium arsenate may also give good control; and 
because it contains no lead and weathers off at a relatively rapid 
rate, some growers have preferred it to lead arsenate as a pos- 
sible means of avoiding the necessity of cleaning the harvested 
fruit. It is less effective than lead arsenate against codling 
moth, however, and may cause serious foliage injury under cer- 
tain conditions. Manganese arsenate, synthetic cryolite, and 
natural cryolite, as used up to this time, have proved inferior to 
lead arsenate. Nicotine tannate and nicotine sulfate-ammonium 
sulfo soap gave essentially negative results in 1933. 

Control is effected by poisoning the adult or fly stage. New 
flies emerge from the soil daily over a period of about 8 weeks, 
starting June 15 to 25, the date varying with the season and 
locality. The minimum treatment for apple maggot consists 
of two lead arsenate sprays, the first to be applied about a 
week after the beginning of fly emergence and the second at 
the "peak" of emergence (July 15 to 25). The dispersal habits 
of the fly are such that it has been found necessary to spray all 
trees in an orchard, not neglecting trees in their off-bearing year, 
and either to spray or remove all apple trees within 150 yards 
of a commercial planting. 

It is often difficult to control the pest in small orchards which 
are surrounded by woods, buildings, or other shelter. In the 
average commercial planting, the pest may be greatly reduced 
by thoro spraying. Poor results were obtained in a residential 
district when apple trees on certain properties were sprayed 
while those on others were unsprayed. 

The apple maggot may apparently be controlled in plums by 
the same treatment recommended for the pest in apples, accord- 
ing to a single orchard experiment. 
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INTRODUCTION 

Apples produced in northeastern United States and in the adjoin- 
ing provinces of Canada are subject to attack by a native species of 
fruit-infesting fly known to orchardists of this area either as "the 
apple maggot" or "the railroad worm." It is a major pest in many 
orchards of this State, especially in the Lake Champlain and Hudson 
Valley fruit districts. 

The apple maggot (Rhagoletis pomonella Walsh) has been the 
subject of diplomatic conversations between this government and 
countries importing apples from the infested areas in the United 
States. Foreign plant quarantine officials asserted that the pest 
might easily be introduced into their countries from fruit then being 
allowed to enter the export trade. Definite action was finally taken 
in 1929 by Great Britain, later joined by other countries, with the 
result that since 1930 American inspectors have been obliged to 
make a critical inspection for apple maggot in all fruit destined for 
export. Lots showing any degree of infestation are now excluded 
from shipment. This situation has necessarily introduced new prob- 
lems and otherwise magnified the economic status of the pest. 

A general investigation of the biology and control of the apple 
maggot has been in progress at this Experiment Station since June 

1 Of the many persons who have been of service in carrying forward the 
experimental program reported here, the writers wish to make special mention 
of the following. First, the 23 fruit growers in whose orchards spraying and 
dusting experiments were conducted; Dr. A. B. Burrell, Plant Pathologist in 
charge of a field laboratory at Peru, in connection with the Champlain Valley 
program; R. W. Dean, H. J. Larsen, L. E. Aull, L. Pyenson, Alan Schlude, 
H. M. Steiner, R. H. Fox, and Carl Van Deman who were temporary assist- 
ants^ for one or more years ; Dr. F. L. Gambrell and F. G. Mundinger of the 
Station Staff ; and the Spray Service representatives of the local Farm 
Bureaus thruout the fruit districts of the State. 
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of 1930. This bulletin is a report of that phase of the study dealing 
with control measures involving the use of stomach insecticides. A 
report on a means of killing apple maggot eggs and larvae in picked 
fruit by refrigeration has already appeared. 2 Such treatment is 
proposed for fruit intended for export in cases where orchard 
control measures were incompletely successful. 

All investigators of the apple maggot have experienced difficulty 
in conducting satisfactory control experiments under orchard condi- 
tions. The writers, among others, came to the conclusion that the 
efficiency of a given insecticide could best be demonstrated by treat- 
ing all trees in the experimental orchard. There are important limi- 
tations to this procedure as follows : First, for purely physical 
reasons, the number of tests that can be conducted in a season is 
necessarily very limited, and second, it is difficult to evaluate results 
precisely, at least in the conventional manner, because of the usual 
absence of a strictly comparable group of untreated trees to serve 
as a check. In 1930, when this project was begun, even the basic 
question of whether or not spraying with stomach insecticides con- 
stituted a satisfactory control had not been established to the satis- 
faction of many — a situation largely attributable to the experimental 
obstacles just mentioned. The seeking of a definite and conclusive 
answer to this question has been a primary objective in the present 
study. 

Approximately 160,000 gallons of spray and several hundred 
pounds of dust were applied to experimental orchards during the 
seasons of 1930 to 1933, inclusive. An average of 12 orchards were 
treated each year, ranging in size from 1 to 25 acres and averaging 
7 acres. More than 400,000 fruits have been examined individually 
in taking experimental results. Data on the seasonal emergence of 
the apple maggot fly and the control studies reported here are the 
basic information upon which the Extension Service of the State 
College of Agriculture has made recommendations to the growers of 
the State during the past 4 years. This has made available to the 
writers the experiences of hundreds of fruit growers who actually 
were using spray schedules identical to those employed in many of 
the experimental plantings. 

2 Chapman, P. J. Viability of eggs and larvae of the apple maggot 
(Rhagoletis pomonella Walsh) at 32°F. New York State Agr. Exp. Sta. Tech. 
Bui No. 206. 1933. 
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HISTORICAL 

The belief that apple maggot could be controlled by applying 
arsenical sprays to the trees was advanced at least 45 years ago. 
In 1888, Augur 3 of Connecticut observed a great reduction of 
infestation following the use of sprays applied for codling moth 
control. This and other early claims were generally discredited at 
the time. The adoption of spraying for apple maggot control is 
largely a development of the past 15 years. Harvey's 4 discovery 
in 1889 that the eggs of the pest were inserted into the flesh of the 
fruit was cited to show the futility of expecting to kill the forth- 
coming maggot by applying poisons to the leaves and exterior of 
the fruit. The possibility of poisoning the adult by such spraying- 
was not seriously considered until the appearance of reports from 
Italy and South Africa of a new control for the olive fly and 
Mediterranean fruit fly, respectively, which involved this principle. 

O'Kane 5 in 1910, was the first to test spraying against apple 
maggot from this new point of view. His initial experiments gave 
negative results, and efforts in succeeding years only served to 
strengthen his belief that spraying offered little or no practical 
value as a control measure. O'Kane's unfavorable results as pub- 
lished in 1914 appear to be explainable on the grounds that spraying 
was confined to one or only a few trees in the experimental orchard. 
The writers (page 29) have obtained confirmatory data in tests 
conducted in a similar manner. 

In 1912, Illingworth 6 reported that sweetened poisons applied 
after the manner found successful against the Mediterranean and olive 
fruit flies gave promising results against apple maggot. In his tests 
the poison was applied by means of a hand syringe, using about a 
pint of material per tree. This worker also suggested that the 
arsenate of lead sprays as applied in commercial orchards for codling 
moth appeared to control the maggot. 

3 Augur, P. M. The apple maggot. Maine State Pom. Soc. Trans., 
1887: 101-102. 1888. 

4 Harvey, F. L. The apple maggot. Maine Agr. Exp. Sta. Rpt., 
1889:190-237, 1890. 

5 O'Kane, W. C. The apple maggot. New Hampshire Agr. Exp. Sta. Bid. 
No. 171. 1914. 

6 Illingworth, J. F. A study of the biology of the apple maggot, etc. 
Cornell Univ. Agr. Exp. Sta. Bui. No. 324. 1912. 
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Severin 7 in 1916, failed to control apple maggot in a residential 
district with sweetened poison but had good results in small, some- 
what isolated orchards where all trees were treated. 

An important series of orchard control experiments were con- 
ducted in Canada between 1913 and 1918. Brittain and Good 8 
in Nova Scotia were the first to demonstrate that essentially the 
same results could be obtained with arsenate of lead used alone 
as when sweetening was added. This was confirmed by Caesar and 
Ross 9 in Ontario. These Canadian workers are to be credited with 
having first pointed out many of the practical rules stressed in apple 
maggot control recommendations at the present time. The experi- 
mental results published by Herrick 10 in New York in 1921, and 
by Porter 11 in Connecticut in 1928, furnished additional evidence 
on the efficacy of arsenical sprays. 

EXPERIMENTAL 

ORCHARDS 

Spraying and dusting experiments have been conducted in 23 
orchards, all of which ate located in the Hudson Valley and the 
Champlain Valley fruit districts. These have naturally varied in 
size, vigor, culture, initial apple maggot infestation, etc., but all 
have certain general characteristics in common. The average or 
typical experimental block may be described as follows: It was 
about 7 acres in size. The planting was in sod culture and was 
in need of good pruning and nitrogenous fertilization. A consider- 
able percentage of the trees consisted of susceptible varieties. If 
sprayed at all, the treatments per season were few in number and 
indifferently applied, not more than one having been applied at a 
time that might have some value against apple maggot. The planting 
was definitely known to have been badly infested the year preceding 
the initiation of the experiment. Most of the experimental blocks, 
in other words, were "marginal" orchards. (See Fig. 1.) 

7 Severin, H. H. P. Control of apple maggot by poisoned bait spray. 
Maine Agr. Exp. Sta. Bui. No. 251. 1916. 

8 Brittain, W. H., and Good, C. A. The apple maggot in Nova Scotia. 
Nova Scotia Dept. Agr. Bui. No. 9. 1917. 

9 Caesar, L., and Ross, W. A. The apple maggot. Ontario Dept. Agr. 
Bui. No. 271. 1919. 

10 Herrick, G. W. The apple maggot in New York. Cornell Univ. Agr. 
Exp. Sta. Bui. No. 402. 1920. 

11 Porter, B. A. The apple maggot. United States Dept. Agr. Tech. Bui. 
No. 66. 1928. 
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• 6 to 25 


Fruit Districts 


9 26 to 75 


1 western New York 


^ 76 to 150 


2 champlain Valley 
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Fig. 1, — Distribution of Experimental Work in New York State 1930-33, 

Inclusive. 

One or more orchard experiments have been conducted in the vicinity of 
the villages shown, while the symbols indicating the number of trap cages 
refer to the total per county and not to their location in the county. 

The authors deliberately sought out orchards showing extreme 
infestation for all experimental work. In fact, it is believed that 
great difficulty would be experienced in finding another group of 
23 orchards in the entire eastern New York fruit districts which 
would show an equally heavy infestation. Following this policy has 
not only assured the presence of an abundance of infestation, but it 
has placed the entire question of whether or not arsenical spraying is 
efficacious to the severest possible test. Some orchards were included 
in the experimental series because the owner had previously failed to 
control the pest by spraying. 



METHODS 

The infestation in all experimental orchards was determined by 
an examination of the total crop, including all windfalls, from at 
least two trees of a susceptible variety. As the data in Table 1 
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indicate, the infestation in the crop from any given tree may be 
distinctly uneven. Almost invariably the windfalls contain more 
maggoty apples than picked fruit; while of the picked fruit, that 
coming from the center of the tree will be more heavily infested 
than fruits growing on the outer limbs, etc. Since these variations 
occur, the writers have chosen to make the tree the smallest unit 
upon which to base infestation records. 



Table 1. — Variation of the Apple Maggot Infestation in the Crop of 
a Twenty Ounce Tree. 



Origin 


Total 

FRUIT 


Total fruit 
infested, 

PER CENT 


Picked, below 8 feet 


1,549 
742 
141 


7.6 
25.1 
56.0 


Windfalls 




2,432 


25.5 



Most of the spraying was done with motorized equipment of the 
type illustrated in Fig. 2. This has insured thoro, uniform treatment 
of all orchards. All trees in the planting were sprayed, and treat- 
ment was often extended to include small groups of nearby apple 
trees; shrubs, and small forest trees in, or at the margin of, the 
orchard were also sprayed. 

Since precautions were taken to treat all apple trees in and sur- 
rounding the experimental area, it was not possible, as a rule, to 
compare untreated and treated plats in the usual manner. The reduc- 
tion, if any, from the initial infestation in the orchard as a whole 
constituted the principal means of evaluating results. In those 
experiments where the orchard was sprayed over a period of 3 or 4 
years, one may compare the ultimate infestation with that of the year 
preceding the initiation of the test. After the second or third 
season's spraying the infestation either approaches extinction or 
reaches an irreducible minimum of about 5 per cent infested fruit. 
The latter situation occurs in plantings possessing certain environ- 
mental characteristics described later which lessen the efficiency of 
insecticide treatments. 

Of the untreated trees and orchards kept under observation, a 
few have approximated conditions in the treated blocks closely 
enough to serve as conventional check plats. All have served in a 
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Fig. 2. — Type of Equipment Used in the Spraying of Experimental 

Orchards. 



general way as checks for the information they provide on seasonal 
fluctuations in the abundance of the pest. While the apple maggot 
injury has been more prevalent in some years (1932) than in others, 
no great variations were evident during the past 4 years. With no 
exceptions, the unsprayed trees kept under observation have become 
heavily infested each year. Variations which did occur were noticed 
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not so much in the total fruit infested (often maintained consistently 
near 100 per cent), but in the average number of egg punctures per 
fruit. 

The chances, therefore, that the relatively extreme reductions which 
follow the use of certain insecticides may be attributable to some 
"natural" cause appear exceedingly improbable, at least during 1930 
to 1933, inclusive. The season of 1932 was considered by many 
fruit growers to be "a bad maggot year." The pest was unquestion- 
ably more abundant than usual in many orchards, but much of this 
increased prevalence was due to factors other than the greater 
abundance and productivity of the apple maggot flies. Many growers 
in the Hudson Valley discontinue spraying each year about July 10. 
While this affords a fair degree of protection against light infesta- 
tions during an average year, it is apparently not adequate when fly 
emergence is late, as it was in 1932 (Fig. 14). Added to this, 
inspections of fruit intended for export were much more rigid and 
extensive in 1932 than previously. 

BASIS FOR EXPRESSING INFESTATION 

Infestation data reported in this bulletin are based on the presence 
or absence of egg punctures in the fruit. Apples having one or more 
punctures were considered infested. The following quotations will 
illustrate that opinion has varied among investigators as to what 
constitutes "infestation." In 1914, O'Kane 12 wrote "a count of egg 
punctures can alone determine the actual infestation following treat- 
ment." Severin, 13 in 1916, determined the degree of infestation by 
cutting up a small sample of fruit, commenting that "no attention 
was paid to egg punctures as the apple fruit fly will sometimes make 
an egg puncture and not deposit an egg." Brittain and Good, 14 in 
1917, wrote, "the results of spraying experiments — were 
obtained from a careful examination of every apple — and the total 
number of egg punctures counted." Caesar and Ross, 15 reporting 
on six seasons' efforts in 1919, also based infestation on the presence 
or absence of egg punctures, observing that "egg-punctures are 
almost always easily seen even with the naked eye."' Finally, 
Porter, 16 in 1928, concluded that, "were it possible to make a satis- 

12 Loc. cit. 

13 Loc. cit. 

14 Loc. cit. 

15 Loc. cit. 

16 Loc. cit. 
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factory count of the egg punctures such a count would be the ideal 
way of determining results. . . . Besides being inaccurate and 
very slow, the examination of large numbers of apples for the minute 
and inconspicuous egg punctures is extremely trying to the eyes. 
For this reason the method of estimating the results by the number 
of maggots emerging from the fruit was decided upon as the most 
satisfactory and practicable." 

To uncritical eyes, infested fruits may often appear perfectly 
sound externally. Nor is this surprising, since the principal external 
evidence of infestation is the tiny puncture made in the skin of 
the fruit by the fly when the egg is laid. The tissue around this 
wound soon darkens and a slight dimple eventually forms at this 
point in all except the very early maturing varieties (Fig. 3). 
Another external clue to infestation is the distortion (Fig. 4) or dis- 
coloration on the surface, especially in later maturing varieties, result- 
ing from the burrowing of the maggot in the flesh (Fig. 5). 




Fig. 3. — The Apple Maggot Fly (Left) and a McIntosh Fruit (Right) 
Bearing Egg Punctures. 



The writers are convinced that it is entirely practicable to deter- 
mine the rate of infestation by an examination of the fruit for egg- 
punctures. It is slow, eye-straining work, but a trained, properly 
supervised observer will probably not make any more errors in 
diagnosis than would occur in inspection for other insect and disease 
blemishes. Errors of this kind are minimized by examining a large 
series of fruit. A hand lens and knife are important adjuncts to 
proper apple maggot inspection for use on doubtful cases. Blemishes 
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Fig. 4. — Delicious Apple Badly In- Fig. 5. — Wealthy Apple Cut in 

FESTED WITH APPLE MAGGOT. HALF, SHOWING NATURE (ADVANCED 

Stage) of Apple Maggot Injury. 



that resemble egg punctures to the unaided eye can usually be 
removed from the doubtful class when put under magnification. Or, 
if necessary, one may cut into the fruit for internal evidence. 

The infestation may be determined by rearing out the larvae 
from a sample of fruit, altho obviously there are definite limits to 
the number of fruits that it is practicable to hold for such purposes. 
Furthermore, it introduces the factor of larval mortality which 
varies greatly between varieties and even within the variety. Apple 
maggot injury is not caused alone by the larvae which complete 
their growth. In fact, a sample of fruit may have been rendered 
utterly unmarketable by the pest and yet not mature a single maggot. 
Some data on larval mortality are given in Table 2. Other studies 
have shown that about 90 per cent of the egg punctures contain 
eggs and that there was no variation evident, in this respect, between 
varieties. In view of these considerations, the writers believe that 
infestation based on egg-puncture data, in spite of certain weaknesses, 
is simpler and constitutes a more accurate index to actual injury 
present than other methods proposed. 

FACTORS AFFECTING SPRAY EFFICIENCY 

The problem of control is considerably afrected by the varieties 
present in a given orchard, and particularly by the number and dis- 
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Table 2. — Mortality Rate of Apple Maggot Larvae in Several Common 
Varieties of Apples. 



Variety 


Total 

NUMBER 
FRUITS 


Total 

NUMBER 
EGG 
PUNCTURES 


Total 

NUMBER 
LARVAE 
EMERGED 


Uncorrected 

MORTALITY, 
PER cent 




ODD 


11 OCA 

11 ,ooO 


A K1A 
4 ,0 /4fc 


^1 A1 
01 . 4to 


Mcintosh 


513 


9,565 


3,159 


66.98 




oZo 




o , OOo 


If*. If*. 




376 


5,348 


870 


83.74 


Jonathan 


204 


3,506 


367 


89.54 




456 


6,467 


257 


96.03 




335 


9,172 


215 


97.66 


Delicious 


634 


6,278 


97 


98.46 




251 


472 


0 


100.00 




169 


2,408 


4 


99.83 




216 


2,776 


1 


99.96 


Ben Davis 


362 


2,300 


0 


100.00 



tribution of susceptible kinds. Common susceptible sorts include 
all of the sweet varieties, Red Astrachan, Gravenstein, Wealthy, 
Twenty Ounce, Jonathan, Fameuse, and Northern Spy. Larval 
mortality also varies remarkably among the varieties (Table 2), but 
it is correlated more with the date of fruit maturity than with the 
relative attractiveness of the fruits for oviposition. 

The height, vigor, spacing, pruning, etc., of trees may affect con- 
trol as they may hamper or facilitate spraying operations. It is also 
probable that these conditions may introduce a variable between 
orchards in their effect on the vigor, fecundity, and longevity of the 
flies. Optimum conditions for this species are found in sheltered, 
annually-bearing, mature trees possessing normal to dense foliage. 

The migration of flies from untreated trees may result in a heavy 
infestation in spite of thoro spraying in the orchard where protection 
is sought, at least in that part nearest such trees. The importance 
of this influence is determined by the number, proximity, and 
regularity of bearing of such untreated trees. Phipps 17 has 
demonstrated that flies will travel up to about 250 yards when forced 
to seek fruit for oviposition. Likewise, there is considerable dis- 
persal even in the presence of an abundance of fruit of susceptible 
varieties, as will be shown later. 

The writers suggest that the success of insecticidal treatment in 
any given orchard situation is largely in proportion to the degree of 

17 Phipps, C. R., and Dirks, C. O. Dispersal of the apple maggot, 1932 
studies. Jour. Econ. Ent., 26:344-349. 1933. 



14 



completeness attained in covering the total surface where the apple 
maggot flies will feed. During the preoviposition period the flies 
apparently feed and rest in various places, in addition to the fruited 
apple trees. This may explain why it is usually more difficult to 
control the pest in small orchards and in residential districts than 
in large commercial plantings ; and in orchards closely bordered by 
woods, buildings, etc., than in those largely surrounded by open fields. 
Likewise, it appears to explain failures where spraying is confined 
to trees bearing fruit the current season. 

Diagrams have been prepared 18 of some of the more important 
experimental orchards in order that the reader might have definite 
information concerning the conditions under which the experiments 
were conducted. 

EXPERIMENTS WITH LEAD AND CALCIUM 
ARSENATES 

Lead arsenate and calcium arsenate were the insecticides used in 
most of the orchard experiments conducted during the past 4 
seasons. Arsenate of lead received most attention as it is the stand- 
ard stomach insecticide applied to apples in this State. It was used 
alone, and in combination with hydrated lime, calcium caseinate, 
liquid and dry lime-sulfur, and several elemental sulfur fungicides. 
Details are given of orchard conditions and of the experimental data 
obtained in 8 of the 16 plantings in which lead and calcium arsenates 
have been used. Since the apple maggot has consistently and unmis- 
takably responded to treatment with these arsenicals in all experi- 
mental orchards, only a sufficient number have been included to 
illustrate the control efficiency of spraying under various types of 
situations. The reader is reminded that all experimental plantings 
showed a high initial infestation. For this reason, and because 
serious environmental obstacles occurred in many of the orchards, 
the experimental results which follow show the efficiency of spraying 
in general under the most adverse conditions. 

Teator Brothers Orchand, Red Hook (Fig. 6). — In 1930, a single 
apple maggot spray was applied in this orchard, on July 5. This 
treatment proved ineffective and most of the fruit on all but the 
Duchess and Gano trees was allowed to drop and rot on the ground. 
Assuming that spraying was started too late in 1930, the date of the 
first spraying was advanced 9 days in 1931, and this was followed in 

18 C. A. Reynolds, delineator. 
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Fig. 6. — Diagram of the Teator Bros. Orchard, Red Hook, N. Y. 

17 days with a second treatment. A similar schedule was applied 
in 1932. The results of the three seasons' efforts are given in 
Table 3. 

Table 3. — Results of Apple Maggot Control Experiments in the 
Orchard of Teator Brothers, Red Hook, N. Y. 



Apple maggot treatments 








Aver- 








Number 
fruits 

EX- 
AMINED 




age egg 


Date 


Spray mixture* 


Variety 
examined 


Fruit 
infested, 

PER CENT 


PUNC- 
TURES 
PER IN- 
FESTED 
FRUIT 



1930 Season 



July 5 



June 26 
July 13 f 



June 29 
July 14-16 



LA, 24 lbs.; LS, 2\ 
gals. 



LA, 3 lbs.; LS, 2 gals. 
LA, 2\ lbs.; K, \ lb. 
LA, \\ lbs.; K, \ lb. 



LA, 2ilbs.; L, 2\ lbs. 
LA, 2 lbs.; L, 2 lbs. 



Red Astrachan 
Sweet Bough 
Wealthy 
Gravenstein 


103 
100 
127 
89 


± 90.0 
±100.0 
± 80.0 
=b 90.0 


6.8 
20.4 
3.5 
4.9 


1931 Season 










Red Astrachan 
Red Astrachan 


5,222 
2,143 




8.4 
7.6 


±1.5 
±1.5 


1932 Season 










Red Astrachan 


9,195 


2.8 


±1.3 



* Amounts added to 100 gallons of water. LA = lead arsenate; LS = liquid lime-sulfur; K = Kay so 
(calcium caseinate) ; L = hydrated lime. 

t On July 13 the northern third (Fig. 6) of the orchard received arsenate of lead at a 1-40 rate, 
the southern two-thirds at a 1-80 rate. 
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On the north (Fig. 6) the experimental block adjoins another 
orchard composed mostly of late-maturing varieties where the spray- 
ing was done by the grower. A considerable infestation occurred 
here in a few trees of a susceptible variety which may have affected 
the control efficiency in the experimental orchard. However that 
may be, a striking reduction in infestation occurred in 1931 which 
was further reduced in 1932. The results obtained in' this orchard 
are perhaps of special interest because of the high percentage of 
susceptible, early-maturing varieties present. 

A. A. Smith (Albert Taber) Orchard, Milton (Fig. 7).— This is 
the largest orchard included in the experimental series. The apple 
maggot has been troublesome in this planting for a number of years 
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Fig. 7. — Diagram of the A. A. Smith (Albert Taber) Orchard, Milton, 

N. Y. 
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according to the previous owner (Mr. Taber) and others. The 
status of the infestation was definitely determined in 1930 from a 
general inspection and from the actual examination of small lots of 
fruit. Results of 3 seasons' spraying in this planting are given in 
Table 4. Perhaps of special interest are the results obtained in 
1932 where a single treatment was applied. The trees selected for 
fruit examination are located in that part of the orchard lying 
directly east of the building marked "shed" in Fig. 7. The poor 
results attending the grower's efforts to control apple maggot here 
prior to 1931 are probably attributable to incomplete spraying 
practices. 



Table 4.— Results of Apple Maggot Control Experiments in the 
Orchard of A. A. Smith (Albert Taber), Milton, N. Y. 



Apple maggot treatments 




Number 
fruits 

EX- 
AMINED 




Aver- 
age egg 


Date 


Spray mixture* 


Variety 
examined 


Fruit 
infested, 

PER CENT 


PUNC- 
TURES 
PER IN- 
FESTED 
FRUIT 






1930 Season 








No record 




Yellow 










Transparent 
Alexander 
Greening 
Jonathan 

1931 Season 


157 
66 
70 


±90.0 
±80.0 
±80.0 
±75.0 


4.2 

7.7 
7.0 










July 1-2 

July 22- 
24 


AL, 3 lbs.; LS, 1 gal. 

— DM 
AL,31bs.;DLS,31bs. 


Alexander 

Wealthy 

Jonathan 

1932 Season 


971 
11,203 
4,001 


5.6 
3.2 
2.5 


±1.5 
±1.3 
±1.3 


July 6-8 1 


LA,31bs.;DLS,51bs. 


Yellow 








Transparent 

Wealthy 

Jonathan 

1933 Season 


6,768 
4,344 
2,355 


33.5 
13.1 
8.1 


±2.5 
±2.0 
±2.0 


June 30- 
July 1 

July 17- 
18 


LA, 3 lbs.; L, 3 lbs. 
CA, 2 lbs.; L, 4 lbs. 


Wealthy 
Jonathan 


3,471 
6,868 


0.5 
0.7 


1.0 
1.0 



*Amounts added to 100 gallons of water. AL = lead arsenate; LS = liquid lime-sulfur; DM = sul- 
fur 8 lbs., hydra ted lime 4 lbs., kayso £ lb. in 100 gals.; DLS = dry lime-sulfur; L = hydrated lime; 
CA = calcium arsenate. 

t A treatment containing arsenate of lead was applied in this orchard June 1-5 by the owner. 
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M. W. Innis Orchard, Orange Lake (Fig. 8). — This orchard was 
included in the experimental series to determine whether or not 
the apple maggot could be controlled in a situation which combined 
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Fig. 8. — Diagram of the M. W. In«nis Orchard, Orange Lake, N. Y. 

extreme infestation with a maximum number of environmental 
handicaps. It is doubtful that the crop of an entire orchard ever 
shows an appreciably heavier infestation than occurred here in 1930. 
The environmental obstacles in and surrounding the orchard are 
perhaps evident from an examination of Fig. 8. The trees are tall 
and closely spaced and are 50 years of age with the exception of 
two rows on the eastern side which are 25 years old. Growth in 
the upper 5 or 6 feet was practically contiguous over the entire 
orchard, making it particularly difficult to do good spraying. In 
the winter of 1932-33 the orchard received a good pruning. Treat- 
ment was confined to the 118 trees of the orchard proper (Fig. 9). 
Within a radius of 150 yards of the center of the Innis orchard 
will be found some 30 or 40 trees which were unsprayed during 
the period of this experiment; in fact, a small group of untreated 
Delicious trees about 125 yards distant were kept under observation 
each year in the capacity of a check plat. 

The results of 3 seasons' spraying in this orchard are given in 
Table 5. The schedule of spraying which preceded the apple maggot 
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Table 5. — Results of Apple Maggot Control Experiments in the 
Orchard of M. W. Innis, Orange Lake, N. Y. 



Apple maggot treatments 


Number 
fruits 


Fruit 


Average 
egg 






IN- 
FESTED, 
PER CENT 


PUNCTURES 
PER 
INFESTED 
FRUIT 


Date 


Spray mixture* 


examined! 



None. 



June 29, July 17 

Aug. 6 

Control t 



1930 Season 
I 84 

1931 Season 
LA, 3 lbs.; K, J lb. 



100.0 I 13.3 



3,504 
241 



1932 Season 

June 30, July 151 LA, 3 lbs.; L, 3 lbs. .1 6,917 
Control t I I 208 



26.2 
100.0 



7.9 
100.0 



June 27, July 14 
Control X 



1933 Season 
LA. 3 lbs.; L, 3 lbs. . 



8,281 
Similar to infest- 
ation in 1931 
and 1932. 



6.1 



±2.0 
13.7 



±1.5 
13.2 



±1.5 



* Amounts added to 100 gallons of water. LA = lead arsenate; K = Kayso (calcium caseinate); 
L = hydrated lime. 

t All fruits examined were Delicious, including the controls. 

% A small group of unsprayed Delicious trees approximately 150 yards north (Fig. 8) of spray 
plat. 

treatments consisted of one or two early sprays applied by the 
grower. Since his latest spray was the calyx application the degree 
of apple maggot control is to be attributed strictly to the three sprays 
applied in 1931 and the two in 1932 and 1933. 

James Durgan Orchard, Peru (Fig. 9). — Environmental condi- 
tions in and surrounding this planting are in distinct contrast to 
those of the Innis orchard. It is isolated from other apple orchards 
and is surrounded by open fields. The trees, if somewhat dense, are 
widely spaced and easily sprayed. Within recent years the owner 
has done no pruning nor spraying and for at least 3 years prior to 
1931 the fruit was known to be heavily infested with apple maggot. 
No fruit was sold during these 3 years and practically the entire 
crop was allowed to rot where it fell under the trees. 

In 1931, this orchard received seven sprays, the last three being 
timed specifically for apple maggot. All trees were sprayed, includ- 
ing some in a pasture lying to the north of the orchard proper — the 
"scattering apple trees" indicated in Fig. 9. Proof of the presence 
of an abundant infestation is evident from the capture of 238 flies 
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Fig. 9. — Diagram of the James Durgan Orchard, Peru, N. Y. 

from three emergence cages placed under trees in this planting in 
1931. The results of this experiment, together with those obtained 
in 1932 when a single treatment was made, appear in Table 6. The 
high control efficiency obtained in this orchard, i.e., with the three 
sprayings in 1931, is attributed by the writers to the absence of all 
serious environmental obstacles. 

Table 6. — Results of Apple Maggot Control Experiments in the 
Orchard of James Durgan, Peru, N. Y. 



Year 


Apple maggot treatments 


Number 
fruits 
examined! 


Fruit 
infested, 
PER cent 


Date 


Spray mixture * 


1930 








±95.0 
2.3 
10.5 


1931 
1932 


July 6 18, 29... 
July 21 


LA, 2J lbs.; LS, 2\ gals. . 
LA, 3 lbs.; LS, 2| gals. . . 


9,443 
3,841 



* Amounts added to 100 gallons of water. LA = lead arsenate; LS = liquid lime-sulfur, 
t All fruits examined were Fameuse. 
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A. B. Burr ell Orchard, Peru (Fig. 10). — Apple trees around the 
residence and other buildings on this property are divided into two 
fairly well isolated groups. The smaller, eastern block (Fig. 10) 
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Fig. 10. — Diagram of the Groups of Trees Surrounding the Residence of 
A. B. Burrell, Peru, N. Y., Which Were Used in a Spraying Experiment. 

has been sprayed each of the past 4 years with calcium arsenate ; the 
western block with lead arsenate. The results of this experiment are 
summarized in Table 7. 

This property has been under the present ownership since 1930. 
The trees used in the experiment had received very little care prior 
to this time. As a result of a good pruning, fertilization, and sys- 
tematic spraying, however, conditions have now been made to 
approximate those in commercial orchards. The apple maggot has 
undoubtedly flourished here for years. Moreover, in 1929 Doctor 
Burrell reports that practically all of the Fameuse had dropped by 
mid-September as a result of severe infestation. Evidence regarding 
the intensity of the initial infestation is likewise suggested from 
the abundance of maggoty fruits following the first season's treat- 
ment. The results obtained in 1933 indicate that two apple maggot 
sprays are an inadequate spray schedule in this planting. 
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Table 7. — The Relative Efficiency of a Calcium Arsenate and Lead 
Arsenate Spray Program Against Apple Maggot in the Home Orchard 



OF A. B. BURRELL, PERU, N. Y. 


Plat 


Apple maggot treatments * 


Number 
fruits 
examined i 


Fruit 
infested, 
PER cent 


Date 


Spray mixture f 



1929 Season 



1930 Season 



West... 
East . . . 



West... 
East . . . 



July 5, 23 Aug. 
July 5, 23, Aug. 



July 6, 18, 31. 
July 6, 18, 31. 



West...! July 7, 22, Aug. 
East. . .| July 7, 22, Aug. 



LA, 2 J lbs.; LS, 2\ gals. 
CA, 2 J lbs.; LS, 2\ gals. 

1931 Season 

LA, 2§ lbs.; LS, 2| gals. 
CA, 2\ lbs.; LS, 2\ gals. 

1932 Season 

LA, 3 lbs.; LS, 2\ gals. . 
CA, 2 J lbs.; LS, 2\ gals. 

1933 Season 



3,599 
3,469 



5,566 
3,671 



3,311 
9,330 



| ±95.0 



28.3 
28.1 



6.2 
2.1 



7.2 
4.0 



West... 


July 3, 20 


LA, 2\ lbs.; LS, 2 gals. . . 


8,743 


14. 1§ 


East . . . 


July 3, 20 


CA, 2 lbs.; LS, 2 gals. . . . 


7,932 


12. 2§ 



* Prior to the apple maggot sprays the west plat received four or more lead arsenate sprays and 
the east plat an equal number containing calcium arsenate. Treatments were thus applied at 
2- to 3-week intervals during the spraying season. 

t Amounts added to 100 gallons of water. LA = lead arsenate; LS = liquid lime-sulfur; 
CA = calcium arsenate. 

X All fruits examined were Fameuse. 

§ The owner removed and destroyed the fruits which dropped before harvest, hence the 1933 
record is based on picked fruit only. 



Orchards of O. K. Smith and James Downs, Peru (Fig. 11). — 
These two orchards which are separated from each other by a town- 
ship road were selected to compare the relative efficiency of two and 
three apple maggot sprays. The Smith planting has received the 
three-spray program each year; the Downs' orchard two sprays. 
Results of this experiment are given in Table 8. 

There appears to be no question about the severity of the pest in 
both orchards prior to the initiation of the experiment. The pest 
was so abundant in 1929 that neither grower was able to sell the 
crop. The spraying done by the owners in these orchards within 
recent years has been confined principally to early treatments and 
consequently the apple maggot was allowed to develop unchecked 
for years. 

The varieties and conditions of the trees in these two orchards are 
similar. Some points of difference are evident, as an examination of 
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Fig. 11. — Diagrams of the Orchards of O. K. Smith and James Downs, 

Peru, N. Y. 



Fig. 11 will show, but these are probably not of such importance 
as to affect materially the direct interpretation of the results. 

Putnam Place Orchard, Peru (Fig. 12). — This is one of several 
plantings chosen for experimentation because the grower had 
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Table 8. — A Comparison of a Two Versus a Three Lead Arsenate Spray 
Program Against Apple Maggot in the Orchards of O. K. Smith and 
J. Downs, Peru, N. Y. 



Orchard 


Apple maggot treatments * 


T\Tttmrft? 

X >i \J 1V1 13 S2j IS. 

FRUITS 
EXAMINED | 


Fruit 

INFESTED, 
PER CENT 


Date 


Spray mixture f 






1929 Season 














±90.0 


Smith 






l 


±90.0 






1930 Season 




Downs . . . 


July 5, 22 


LA, 2\ lbs.; LS, 2\ gals. . 


2,248 


29.4 


Smith .... 


July 3, 21, Aug. 7 


3 ,600 


9 . 3 






1931 Season 






iyUWIlo . . . 


July 1, 16 


LA, 3 lbs.; LS, 2\ gals. . . 


5 739 


1 9 


Smith. . . . 


July 2-4, 15, 28. 


2^833 


1.2 






1932 Season 






Downs . . . 


July 1, 19-21. . . 


LA, 3 lbs.; LS, 2\ gals. . . 


4,420 


7.5 


Smith.... 


July 1-2, 20-21, 






Aug. 5 




3,415 


3.2 






1933 Season 




Downs . . . 


July 5, 18 


LA, 3 lbs.; LS, 2| gals. . . 


4,574 


0.5 


Smith 


July 5, 19, 29... 


4,311 


0.9 







* While one or more sprays may or may not have been applied prior to the apple maggot sprays, 
none was applied within at least 3 weeks of the first apple maggot spray. 

t Amounts added to 100 gallons of water. LA = lead arsenate; LS = liquid lime-sulfur. 
t All fruits examined were Fameuse. 



repeatedly failed to control the pest by spraying. Regardless of 
what was done, so the owner said in June of 1930, the crop of 
Fameuse dropped to the ground e^.rly, essentially 100 per cent 
infested. Heavy annual losses were leported to date back to 1914. 

A distinct effort was made to "clean up" the infestation here in 
1930. All of the apple trees in the orchard and barnyard were 
sprayed and also all of the outlying trees (referred to as "scattering 
apple trees" in Fig. 12). Spray was also applied to various vegeta- 
tion in and bordering the blocks of apple trees. The grower was 
delighted with the condition of the crop at harvest and was convinced 
that 100 per cent control had been effected. Apple trees lying to the 
west of the barnyard on another property were not sprayed in 1931 
but were in 1932 and 1933. The results of the 4 seasons' spraying 
are given in Table 9. The influence of environmental factors on 
control efficiency is well illustrated in this experiment from the 
difference in infestation occurring in the barnyard (Fig. 12) and 
in the orchard proper. (See also Fig. 13.) 
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Fig. 12. — Diagram of the Orchard of Putnam Place, Peru, N. Y. 




Fig. 13. — Spraying Gave Relatively Poor Results Against Apple Maggot 

in This Situation. 
The barnyard trees referred to in Table 9. 
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Table 9.- 



Results of Apple Maggot Control Experiments in the 
Orchard of Putnam Place, Peru, N. Y. 



Apple maggot treatments * 




Number 


Fruit 






Plat 


fruits 


INFESTED, 


Date 


Spray mixture f 




examined! 


PER cent 



1929 Season 



July 1, 21, Aug. 7 



LA, 1\ lbs.; LS, 2\ 
gals 



1930 Season 

Orchard . 



1931 Season 

July 5, 18, 29 .... I LA, 2\ lbs.; LS, 2JI Orchard. . 

I gals I Barnyard . 

1932 Season 

July 6, 21, Aug. 61 LA, 3 lbs.; LS, 2\ Orchard.. 

I gals | Barnyard . 



1,148 
835§ 



3,324 
2,743 



2,608 
730 



±95.0 



3.7 
4.1 



6.2 
22.8 



8.2 
12.0 



1933 Season 



July 7, 20, 31. . . . 


CA, 2\ lbs.; L, 5 




3,927 


7.6 


lbs.; LS, 2 gals. . 




2,632 


15.0 



* While one or more spravs may or may not have been applied by the owner prior to the apple 
maggot treatments, none was applied within at least 2 weeks of the first apple maggot spray. 

t Amounts added to 100 gallons of water. LA = lead arsenate; LS - liquid lime-sulfur; 
CA = calcium arsenate; L = hydrated lime. 

X All fruits examined, except as indicated in 1930, were Fameuse. 

§ Variety Northern Spy. 

TIMING OF APPLE MAGGOT TREATMENTS 

Sprays and dusts are applied with the object of poisoning the 
apple maggot fly. The timing of treatments, therefore, is neces- 
sarily based on an accurate knowledge of the period when the 
flies are present in the orchard. Fly emergence in the Hudson 
Valley and Lake Champlain districts during the past 4 years is 
summarized in Fig. 14. This shows that new flies are emerging 
from the soil daily over a period of about 8 weeks. The period of 
fly emergence in western New York is similar to that in the Hudson 
Valley or perhaps slightly later. 

The periods during which sprays of arsenate of lead should prob- 
ably be applied in an average season are also indicated in Fig. 14. 
The evidence is fairly conclusive that a single treatment cannot be 
depended upon to give adequate protection in orchards that are at 
all subject to attack. Two treatments are considered the minimum. 
Additional protection may be afforded by treatments applied before 
and after this minimum, as indicated. 
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Flies developing from maggots which came from early-maturing 
varieties tend to emerge on an earlier schedule than flies originating 
in later sorts. Consequently, where orchards contain a number of 
Red Astrachan, Yellow Transparent, Sweet Bough, or other early- 
maturing varieties, it is suggested that the entire orchard be sprayed 
somewhat earlier than is advised for the average planting. For 
example, in the Hudson Valley where no previous June spray has 
been applied, it has been timely to spray early-variety orchards June 
22 to 26, whereas treatment of most other plantings could be delayed 
until June 27 to July 3. 

It will be seen that the date of first, maximum, and last emergence 
of the flies varies somewhat each season. The spraying dates should 
be advanced or delayed accordingly, as fly emergence is early or late. 
Corrections for seasonal variations will doubtless be available to 
growers in counties producing a large volume of fruit thru the 
Spray Information Service of the local Farm Bureau. For those 
not so situated, the following points may be helpful in determining 
the dates for spraying. 

Fly emergence in general will be early, normal, or late in direct 
relation to the usual conception of whether a season is early, normal, 
or late. Temperature appears to be the dominant factor determining 
time of emergence. June temperatures are particularly important. 
Extended drouths are unfavorable to the species, and where these are 
accompanied by high temperatures fly emergence is likely to be 
erratic, early, and of short duration. The seasons which appear to 
be most favorable to the insects are those with moderate tempera- 
tures and with rainfall more or less evenly distributed thru the 
summer. 

The ideal spray schedule for apple maggot control would include 
treatments applied at about 2-week intervals starting June 10 to 15 
and continuing to August 20 to 25. This so completely covers the 
period of fly emergence during any season and for every section of 
the State that the problem of timing would automatically be solved. 
Fruit growers, especially in western New York, will recognize that 
this is precisely the schedule of spraying that is followed where 
codling moth is a problem. Moreover, it is a significant fact that 
apple maggot is virtually unknown in orchards where a complete 
codling moth spray program is applied. While the codling moth is 
a primary pest of apples thruout the State, it has not presented an 
unusual control problem generally, except in the counties bordering 
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Lake Ontario. Growers elsewhere seldom apply more than two or 
three summer sprays for this pest. In the Hudson Valley and Lake 
Champlain districts sprays from June 10 to 15 on are customarily 
timed jointly for the control of apple maggot and codling moth. 
The grower is usually desirous of discontinuing spraying as soon as 
possible, first for the obvious reason of economy, but especially with 
hope of avoiding the necessity of cleaning the fruit of excessive 
spray residues. If protection is desired, against apple maggot, it is 
essential that the final spraying be made at least as late as July 15 
to 25, the date depending on the season and locality. 

CONTROL EXPERIMENTS IN A RESIDENTIAL 
DISTRICT 

In the village of Peru, N. Y., an experiment has been conducted 
which sought, among other things, an answer to this question : Could 
an individual householder in a residential district effect control of 
the apple maggot by spraying the trees on his property where trees 
of various numbers and at various distances are left unsprayed? 

The area selected for experimentation (Fig. 15) comprises about 
15 acres and contains 164 apple trees. Certain small groups of these 
trees, totaling 52 and indicated by the broken lines in Fig. 15, have 
been sprayed each year with lead arsenate 1-33 in combination with 
liquid lime-sulfur 1-40. Three treatments timed especially for the 
apple maggot were applied each year. In addition to the spraying an 
attempt was made to collect and dispose of all fruit that fell under 
all 164 trees during 1930, 1931, and 1932. This was done at 3- 
or 4-day intervals during the period when fruit fell. 

Data on the rate of infestation in certain sprayed and unsprayed 
trees are given in Table 10. While a fair degree of control was 
apparently effected in some instances and the infestation over the 
entire area was lowered, it must be evident from the data that prac- 
tical results were unsatisfactory. 

Attention is called to the slight difference between the infestation 
of treated and untreated trees for the light it throws on fly dispersal 
habits. It appears to indicate a rather free movement from tree to 
tree. On the other hand, the maintenance of infestation at the level 
existing in this experiment indicates the residence of a considerable 
number of flies away from sprayed trees until the beginning of 
oviposition. The pre-oviposition period of the apple maggot fly 
ranges from about 7 to 10 days when the movement of flies is 
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Table 10. — Results of an Apple Maggot Control Experiment in a 
Residential District, Peru, N. Y. 



Year 


Treatment 


Percentage infestation in certain trees * on property of 


A. Jar vis 


J. Jarvis 


Sauvage 


Alexan- 
der 


Bissonett 


Soulia 


Duclaw 


1930 
1931 

1932 
1933 














F 87. Of 
F 12.7 








W 99.0 
M 84.3 
F 100.0 




F 71.3 






Unsprayed 


P 98.6 






F 49.6 


W 83.8 
F 90.8 


F 62.8 
F 85.5 


F 15.7 

U 42.7 
F 59.6 

F 36.6 




F 51.2 
F 14.4 


Unsprayed. . . . 


F 92.3 


F 88.5 


F 97.9 
W 97.8 
W 59.4 
M 25.5 


F 3.6 
F 9.0 


Unsprayed 










F 68.9 















* The letters preceding the percentage infestation refer to the variety, a key to which appears 
in Fig. 15. 

t All of the other trees in the experimental area were badly infested, whether sprayed or not in 
1930. 



doubtless less purposeful, and perhaps, in the case of most 
individuals, is relatively restricted. The urge to find suitable fruit 
for oviposition must play a dominant role in dispersal activities ; 
certainly it would cause a migration from the unfruited to fruited 
trees. Factors controlling movement between fruited trees are vari- 
ous, including the varieties present and the other environmental 
conditions of the individual trees. Residence of the flies in any 
given tree may be quite transitory. In a situation, such as the 
present, where this would result in certain alternation between 
sprayed and unsprayed trees, it is conceivable that the average length 
of life of the flies might be extended until a considerable number 
of eggs had been laid. 

FLY DISPERSAL STUDIES 

In conducting spraying operations against the apple maggot, a 
grower is advised not only to treat all trees in the orchard, without 
neglecting those trees in their off-bearing year, but also any other 
apple trees within about 150 yards of the planting where protection 
is sought. This recommendation is based more on practical trial 
and error spraying experience than on specific information as to any 
behavior of the insect which would explain the necessity of following 
this procedure. Early attempts to trace the normal movement of 
flies were unsuccessful. The first successful dispersal studies were 
performed by Phipps in 1931. 19 He was able to demonstrate that 



19 Loc. ext. 




Fig. 15. — Diagram of the Experimentai 
The apple trees enclosed by broken lines received three apple 




Area in the Village of Peru, N. Y. 
e maggot sprays during each of 4 seasons 1930-33, inclusive. 



r 
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sexually mature flies would travel a maximum of 233 yards in 
search of fruit for oviposition. 

Where Phipps' experiments were designed to determine the dis- 
tance that flies might travel from outlying apple trees to the com- 
mercial orchard, the writers have thus far attempted to study normal 
dispersal within the orchard proper. In 1932, approximately 1,500 
newly emerged flies, marked according to the methods developed 
by Phipps, were liberated in a tree of the Twenty Ounce variety 
in an unsprayed orchard at Rhinebeck (Figs. 16 and 17). 




Fig. 16. — Orchard in Which Fly Dispersal Studies were Conducted. 
All trees in view are Twenty Ounce. The arrow indicates the tree in which 
the marked flies were liberated. 



Liberations occurred July 15 to 19, inclusive. Attempts to recover 
flies were made July 29, August 1, and August 4. Two recovery 
methods were employed, viz., the capture of individual flies as they 
were found in an inspection of trees (the method used by Phipps), 
and the killing or dislodging of the flies on certain trees (under 
which cloths had been spread) with a 3 or 4 per cent nicotine 
sulfate-hydrated lime dust. Principal dependence was placed in the 
second method. The dusting was done on warm days and during 
the warmest portions of those days to insure quick action of the 
nicotine against the flies. Advantage was taken of light winds each 
day to avoid the drifting of dust into trees from which records 
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Fig. 17. — Diagram of the Orchard at Rhinebeck, N. Y., in Which Fly 
Dispersal Studies were Conducted in 1932. 

The heavily lined circles indicate Twenty Ounce trees ; the other circles, 
apple trees of other varieties. The tree in which 1,500 marked flies were 
liberated July 15 to 19, or the "release tree", and the number of marked flies 
recovered from certain trees that were dusted with 4 per cent nicotine dust on 
July 29, Aug. 1, and Aug. 4 are indicated. The trees are spaced approximately 
40 x 40 feet. 

were desired. This was accomplished by starting at that margin of 
the orchard which allowed the dust to drift backward into an open 
field, etc., and then dusting trees in order, proceeding into the wind. 

The number of marked flies captured in this test and the distance 
they moved from the point of liberation is indicated in Fig. 17. 
Approximately 4.4 per cent of the flies liberated were recovered. 
A larger percentage would doubtless have been captured had it 
been possible to dust all trees in the orchard. The record is frag- 
mentary, but it appears to be the first definite evidence on fly move- 
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ment within the orchard proper. These data are perhaps of special 
interest because the flies were liberated in a heavily fruited tree of a 
susceptible variety which was surrounded by trees of the same variety 
bearing equally good crops of fruit. Under these conditions, the 
writers have demonstrated a maximum dispersion of about 135 yards. 

If flies move about as freely as these data and those obtained by 
Phipps indicate, and as freely as is suggested by the Village of 
Peru experiment, it becomes increasingly clear that only by a wide 
and complete distribution of poison in a given orchard situation can 
good control result. 

CONTROL OF APPLE MAGGOT IN PLUMS 

Plums and prunes sometimes become infested with apple maggot 
or a pest which so closely resembles apple maggot that flies reared 
from plums appear indistinguishable from those originating in apple. 
Certain plum orchards in Albany County suffered heavy loss from 
this pest in 1932. Following a request for assistance, a cooperative 
spraying experiment was conducted in 1933 in a small orchard owned 
by A. B. Sandberg at New Salem, N. Y. Two arsenate of lead 
sprays were applied, the first June 27 and the second in mid-July. 
No detailed examination of the fruit was made at harvest, but 
practically no infested fruits were found in general inspections and 
the grower expressed complete satisfaction with results. 

OTHER INSECTICIDES 

The insecticides that have been used under orchard conditions 
against apple maggot in addition to lead and calcium arsenates 
include copper carbonate, synthetic cryolite, natural cryolite, nicotine 
tannate, nicotine sulfate-ammonium sulfo soap, and manganese 
arsenate. 

Nicotine compounds. — Favorable results against codling moth have 
been reported with nicotine tannate and with other nicotine com- 
pounds. Since late season sprays in this State are combination 
apple maggot-codling moth treatments, an effort has been made 
to test the efficiency of nicotine compounds against apple maggot. 
The results of 1933 orchard experiments are given in Table 11. 
Particular significance is attached to the data obtained in the 
Rikert orchard because of the opportunity afforded for com- 
paring the efficiency of nicotine tannate with lead arsenate under 
the same conditions. In the Clark experiment, all treatments were 
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applied by the owner under the direction of representatives of the 
Tobacco-By-Products and Chemical Corporation. The authors 
merely cooperated to the extent of determining the rate of infestation 
in each plat. 



Table 11. — Results of Some Orchard Experiments with Nicotine 
Compounds Against the Apple Maggot. 















Average 


Year 


Material used 


Dates of 
treatments 


Variety 
examined 


Number 

FRUITS 
EX- 


Fruit 
infested, 

PER CENT 


egg 

PUNC- 
TURES 
PER IN- 
FESTED 
FRUIT 










AMINED 



Rikert Orchard, Rhinebeck, N. Y. 



1930 






Twenty Ounce 




±90.0 * 




1931 


Lead arsenate 3 lbs.; 


July 3, 20 


Twenty Ounce 


2,933 


10.7 


± 2.0 




water 100 gals. 


Gravenstein . . 


4,797 


12.2 


± 2.0 










2,824 


0.07 


1.0 








Wealthy 


3,790 


0.2 


1.0 


1932 






Twenty Ounce 


±3,000 


±90.0 


± 4.0 


1933 




June 26 




July 7, 21 


Twenty Ounce 


1,929 


99.7 


±10.0 






Clark Orchard, Milton, N. Y. 








1932 










±80.0* 




1933 


Nicotine tannate t - • • • 


July 2-3, 17, 












Aug. 7 




1,598 


88.5 


4.6 




Nicotine sulfate-am- 


July 2-3, 17, 










monium sulfo soap.. . 


Aug. 7 




1,868 


72.1 


4.6 



* Grower's estimate. 

t Treatments made bv the grower. The authors were not present when the sprays were applied. 
The nicotine tannate was prepared in the spray tank; 1 pint of Blackleaf " 50 " and 3 pints of 
Zinsser's " Liquid Tannin No. 50." 



Cryolite. — Of the various flourine compounds that are known to 
possess insecticidal properties, sodium fluoaluminate, or cryolite, has 
been selected for experimentation. A synthetic product has been 
used in five orchards and natural cryolite (Kalo) in one. Neither 
of these materials adhere well and this may explain in large part 
why cryolite has proved less efficient than lead or calcium arsenates 
in the experiments conducted up to this time. The results of three 
experiments are given in Table 12. Cryolite shows promise from 
the standpoint of toxicity to the apple maggot fly, but its future 
and that of other flourine compounds is uncertain because of objec- 
tions raised by public health officials. At present a tolerance of 0.01 
grain flourine per pound of fruit is allowed by the Federal Food 
and Drug Administration. 

Manganese arsenate. — The interest of the fruit industry in 
arsenicals other than lead arsenate comes from attempts made to 
find a more efficient insecticide than lead arsenate for codling moth, 
and more specifically because of the fixing of a lead tolerance in 
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1933 by the Federal Food and Drug Administration. Manganese 
arsenate is one of the non-lead arsenicals given serious consideration 
in this connection. This material was used in two orchards in 1933 
against apple maggot with promising results, altho the efficiency was 
less than for lead arsenate. It is hoped that the relative efficiency of 
manganese arsenate may be more definitely determined in future 
experiments. 

Copper carbonate. — A treatment of copper carbonate and sweeten- 
ing was reported as an effective insecticidal mixture for the 
Mediterranean fruit fly. In 1930 this formula was applied to a 
small group of apple trees to determine its value against apple 
maggot. While the results 20 against the maggot were inconclusive, 
it would seem to have little value as a lead arsenate substitute in 
late-season sprays because of foliage injury and its failure to control 
codling moth. 



Table 12. 



- Results of Some Field Experiments with Synthetic and 
Natural Cryolite Against Apple Maggot. 



Year 



Apple maggot treatments 



Spray mixture : 



Date 



Number 
fruits 

EXAMINED f 



Fruit 
infested, 

PER CENT 



1930. 
1931. 
1932. 
1933. 



1932. 
1933. 



1932. 
1933. 



Place Orchard, Peru, N. Y. 



Sprayed by grower using 
lead arsenate 

Sprayed by grower, using 
lead arsenate 

Sprayed by grower, using 
lead arsenate 

SC, 4 lbs.; LS, 2 gals 



July 7, 21, 
Aug. 1 



2,000 
4,614 
1,552 
5,640 



Pechette Orchard, Crown Point, N. Y. 

None I I 

SC, 4 lbs.; LS, 2 gals J July 3, 13, 26 | 5,301 



Teator Bros. Orchard, Red Hook, N. Y. 



LA, 3 lbs. 
LA, 2 lbs. 
NC, 4 lbs. 



June 29 
July 14-16 
June 29 
July 7 



9,195 



35.2 
30.0 
40.1 
17.1 



±90.0 
63.8 



2.8 



* Amounts added to 100 gallons of water. SC = synthetic cryolite; LS = liquid lime-sulfur; 
LA = lead arsenate; NC = natural cryolite. 

t The variety examined in each experiment was as follows: Place orchard, Fameuse; Pechette 
orchard, Mcintosh; Teator Bros, orchard, Red Astrachan. 



'Chapman, P. J. Apple maggot studies in 1930. Jour. Econ. Ent., 24:691. 



1931. 
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PRACTICAL CONSIDERATIONS 

The program suggested for the control of the apple maggot in 
this State consists (1) of the use of arsenical sprays and dusts, and 
(2) the modification of environmental conditions in and surround- 
ing the orchard where these obstruct the realization of maximum 
efficiency from the insecticides. Benefits may also result from the 
systematic collection and destruction of all windfall fruits, thereby 
preventing the maturing of any maggots present. Altho this pro- 
cedure is sound theoretically, it has generally proved unsatisfactory 21 
in practice when used as the only control measure. It is worthy 
of consideration, however, as a control measure supplementary to 
spraying. 

Arsenate of lead used at a rate of 2 or 3 pounds of the powder in 
100 gallons of spray is the insecticide suggested for general use 
against apple maggot. It may be employed alone or combined with 
the common fungicides, such as lime-sulfur and the wettable sulfurs. 
The writers have seen no evidence under orchard conditions that 
the insecticidal properties of the spray are lessened by the addition 
of a fungicide. Arsenate of lead may be applied in dust form com- 
bined with sulfur or hydrated lime (90 parts sulfur and 10 parts 
poison being a common formula), but dusts are generally less 
adhesive than sprays. Growers estimate that three dusts are the 
approximate equivalent of two sprays. 

Spray residue. — Unfortunately, the indiscriminate use of lead 
arsenate sprays late in the season for apple maggot and codling 
moth may result in the occurrence of lead and arsenic residues on 
the picked fruit in excess of the amounts tolerated by law. In some 
districts this problem is met by removing the excessive deposit by 
washing the fruit in machines especially designed for that purpose. 
Growers not so equipped face a dilemma since no recommendation 
can be given for controlling the apple maggot with lead arsenate 
sprays which at the same time entails no risks of having residues 
in excess of the tolerance. The amount of spray deposit persisting 
at harvest is determined by the variety, and hence also the interval 

21 This may be due to several reasons, including the large amount of hand 
labor involved, difficulty of properly disposing of the fruit after it is picked 
up, and failure to keep fruit picked up promptly and cleanly. To prevent the 
escape of the maggots, fruits should be collected every 3 or 4 days with the 
earlier maturing varieties, altho with varieties such as Baldwin, R. I. Greening, 
Spy, etc., weekly or 10-day collections may suffice. 
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between picking and the last spraying ; the amount and frequency of 
rainfall; amount of spray applied per tree; and other factors. 
Thoroly sprayed fruit in an average season may be expected to 
exceed the tolerance for at least 2 months after the final lead arsenate 
spray. 

Calcium arsenate. — The substitution of calcium arsenate has been 
proposed as a partial solution of the "residue problem. " Its advant- 
ages over lead arsenate are that a lead residue is avoided and that the 
arsenic present in calcium arsenate weathers off at a faster rate than 
in lead arsenate because of the low adhesive properties of the former. 
Disadvantages include the possibility of serious foliage and fruit 
injury attending its use and a lower efficiency than that of lead 
arsenate against codling moth and perhaps apple maggot as well 
where a minimum schedule of sprays is applied. 

Many growers in eastern New York have favored calcium arsenate 
for use in the final spray or two as a means of avoiding a cleaning 
problem, in spite of the risks entailed. For similar reasons, dusts 
containing either arsenate of lead or calcium arsenate are also being 
used. In all attempts to reduce or modify the full spraying schedule 
advised for codling moth and apple maggot, the outcome is uncertain 
both as regards pest losses and the success of the attempts to avoid 
excessive spray residues. However, growers who do not export any 
of their crop and who have light infestation of these pests may find 
ample justification for taking such chances. 

The following suggestions are made for those who elect to employ 
calcium arsenate: Use at the same rate as given for arsenate of 
lead ; combine with hydrated lime or some of the common fungicides, 
never use it alone; add hydrated lime to the spray mixture at the 
rate of 3 pounds to each pound' of poison to reduce the chances of 
foliage injury; and avoid, if possible, overdosing weak trees and 
sensitive varieties, such as Baldwin, Rhode Island Greening, 
Jonathan, and Ben Davis. 

Spraying methods. — To achieve satisfactory results with spraying 
against apple maggot, the operator must cover the leaf, fruit, and 
other surfaces where the adult or fly feeds and maintain a sufficient 
coverage of poison during the period when the flies are present in 
the orchard. That part of the problem dealing with the timing and 
number of treatments required is discussed on pages 26 to 29. Rules 
for accomplishing the objective of covering the fly- feeding surface 
appear in the discussion which follows. 
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Spray all apple, other fruit, and small shade trees in the orchard. 
Special mention should be made of the necessity of treating apple 
trees in their off-bearing year. The habit of spraying only the trees 
bearing fruit may be a justifiable economy against certain pests, but 
experience has shown it to be a disastrous practice where apple 
maggot is concerned. For the principles involved here, see pages 
29 to 33, inclusive, on "fly dispersal studies" and the conclusions 
drawn from the village of Peru experiment. 

All neglected apple trees within about 150 to 200 yards of the 
commercial planting should either receive the apple maggot sprays 
or be cut down. There is ample evidence to show that even the 
most thoro spraying is likely to give poor results if an adjoining 
infested orchard is left unsprayed. 

Where small shade and forest trees are growing in fence rows 
bordering orchards, it is advisable to apply some spray to these, at 
least to the "orchard side" of such vegetation. The same rule 
applies to woodlands closely adjoining orchards, that is spray the 
border forest trees. 

Sprays need not be heavily applied to control apple maggot in the 
average orchard, but a moderate dosage on all trees is essential. 
In heavily infested plantings of the type used in experiments 
reported in this bulletin, only the most thoro treatment will make 
progress. About 2 seasons' thoro spraying are needed to reduce 
the infestation to a low point in such instances. 

Modifying environmental obstacles. — A review of the results 
obtained with lead 1 arsenate as reported in this bulletin will show a 
variation in efficiency between the several experimental orchards. 
In other words, it has been relatively easy to control apple maggot 
in some orchards and quite difficult' in others. Most of this differ- 
ence is due to the varieties present and to conditions in and sur- 
rounding the planting which hinder or facilitate spraying operations. 
Many of the environmental conditions which complicate the problem 
of control may be removed or at least modified, thereby increasing 
control efficiency of the insecticides. Ways of effecting such changes 
are indicated below. 

A few trees may serve as the principal breeding centers for apple 
maggot in an entire orchard, frequent offenders being Red Astrachan 
and the early sweet varieties. Where such trees are not a real 
source of income and where other varieties would serve as well for 
pollinizers, one should either cut them down or "top-work" to less 
susceptible sorts. 



39 



The removal of all neglected apple trees around farm buildings, 
in pasture lots, and in woodlands should be a more satisfactory 
means of protecting the commercial orchard from this source of 
infestation than attempting to spray such trees each year. Orchards 
past their profitable years on one's own farm, and hence often 
indifferently sprayed, if at all, and abandoned plantings on a neigh- 
boring property are other sources of real trouble where these adjoin 
or are near commercial plantings. If it is not possible or desirable 
to cut down such orchards, it will often prove profitable to apply 
the apple maggot sprays to them, if for no other reason than for the 
value it will have in preventing fly migration into the commercial 
plantings. 

The apple maggot appears to find conditions most to its liking in 
orchards containing dense, closely planted trees. Such conditions 
also greatly hinder spraying operations. Directly, or indirectly, 
therefore, pruning, the removal of filler trees left too long, or the 
removal of certain rows of permanent trees planted too closely may 
produce distinctly beneficial effects. 

Regarding shrubs and low-growing forest and shade trees adjoin- 
ing orchards, particularly those growing in fence rows, one has the 
alternative either of spraying or of cutting them down. The latter 
course would appear preferable in most instances. 

SUMMARY AND CONCLUSIONS 

The apple maggot may be controlled by applying stomach insecti- 
cides to the apple trees with the object of poisoning the insect in 
the adult or fly stage. Flies emerge from the soil over a period of 
about 2 months, starting approximately June 20 in the Hudson Valley 
section and reaching a peak between July 15 to 20. Emergence in 
the Champlain Valley proceeds on a schedule about 1 week later, 
while in western New York it occupies a position intermediate to 
that of the two eastern districts. 

Two arsenate of lead sprays are considered the minimum schedule 
for apple maggot control, altho in certain Champlain Valley orchards 
three treatments appear to be the minimum. The dates for applying 
these vary with the season and locality. In the Hudson Valley the 
approximate dates are for the first spray, June 25 to July 1 and for 
the second, July 16 to 20. The ideal apple maggot control program 
would include the application of arsenical sprays every 2 weeks, 
starting about June 10 to 15 and continuing to about August 20. 
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This is precisely the schedule followed by many growers, principally 
in western New York, for the control of the codling moth, and 
incidentally, most of these plantings are virtually free of apple 
maggot. 

Considering efficiency and safeness to the foliage, arsenate of 
lead used at a rate of about 3 pounds in each 100 gallons of spray 
is the insecticide recommended for general use. Calcium arsenate 
appears tG be equally toxic, but because of low adhesive properties, 
it may not prove so dependable where a minimum schedule of treat- 
ments is applied. It has the additional disadvantages of being less 
efficient against codling moth and of causing injury to the foliage 
and fruit under certain conditions. Synthetic cryolite, natural 
cryolite, and manganese arsenate have given promising results, altho 
as used up to this time their control efficiency has been inferior to 
lead arsenate. Nicotine tannate and nicotine sulfate-ammonium sulfo 
soap gave essentially negative results in 1933 field trials. 

The efficiency of insecticidal treatment is greatly influenced by 
environmental conditions. The poorest results with spraying are 
obtained in small, sheltered, poorly pruned plantings containing 
susceptible varieties, and with neglected apple trees nearby. The 
pest may be virtually exterminated, however, by the careful spraying 
of large, well-pruned orchards composed predominately of late- 
maturing varieties where the planting is surrounded by open fields 
or other sprayed orchards. 

Orchards combining extreme infestation and pronounced environ- 
mental obstacles often require more than 1 season's spraying before 
satisfactory "commercial" control is obtained. Also, in such plant- 
ings, the infestation appears to reach an irreducible minimum. Even 
in the worst situations, however, it has been possible eventually to 
produce fruit 90 to 95 per cent free of all apple maggot egg 
punctures. 

In a residential district 4 years' spraying of apple trees on several 
properties failed to give satisfactory protection where trees on other 
properties were left unsprayed. From this and similar experiments 
and from actual studies of the movement of marked flies, it is 
apparent that the adults disperse rather freely thru the orchard and 
from outlying trees into the commercial planting. 

Two lead arsenate sprays, applied at the times suggested for 
control of the pest in apples, appeared to give good results against 
apple maggot in plums in a single experiment. 



